tdtraalkoxy-2,9.16.23 phtalocyanines. librcs ou complcxics avcc du cuivre. du cobalt(ll) ou du zinc. qui sont extrdmement solublcs dans les solvants organiques.
The use of cobalt phthalocyanine as a catalyst for the electroreduction of oxygen has been known for some time (l) and extensive research efforts have shown that porphyrins and phthalocyanines can act as potential catalysts for energy conversion processes (2-+1. It is well known that iron(Il) porphyrins decompose oxygen through a mechanism involving two porphyrins acting on one oxygen molecule (5) . Binuclear porphyrins (6) (7) (8) (9) have been prepared and used in the 4-electron reduction of molecular oxygen to water. Under operating conditions, however, binuclear porphyrins lose catalytic activity with time (7) and it may be that the porphyrin nucleus itself is not sufficiently stable to be used as a long term photocatalyst. For this reason, we envisioned that binuclear photocatalysts based on the thermally (10) and photochemically stable phthalocyanine nucleus would be worthwhile molecules to synthesize and examine in electrochemical and photocatalytic studies.
Using a solid phase method of synthesis we have recently prepared some unsymmetrical phthalocyanines which are very soluble in organic solvents (ll, l2), compared with most phthalocyanines which are notoriously insoluble. These solub!e, unsymmetrical, monongclear phthalocyanines contained the necessary handle, a hydroxy functional group, which could be used to attach the phthalocyanine to electrodes ( 13, l4 (12) , and hence the more elaborate scheme using polymer supports was unnecessary.
Synthesis oJ monorutclear phthalocyanines, soluble in organic solvents Treatment of 4-nitrophthalonitrile (1) with 2-propanol (2), 2-methyl-l-propanol (3), and 2,2-dimethyl-l-propanol (4) with potassium carbonate in dimethylformamide (DMF) in a useful modification (15) of published procedures (16, 17) gave in some instances at high temperatures the unwanted by-products 4-hydroxyphthalonitrile (5) (18) and bis(3,4-dicyanophenyl)-ether (6) , but at room temperature (15) the desired 4-isopropoxyphthalonitrile (7) (l I, l5), 4 -isobutoxyphthalonitrile (8) , and 4-neopentoxyphthalonitrile (9) respectively in 69 to 87o/o yield, Phthalonitriles 7-9 were readily converted, using gaseous ammonia and sodium methoxide in methanol (19, 20) , to 5-isopropoxy-I ,3-diiminoisoindoline ( l0), 5-isobutoxy-I , 3- diiminoisoindoline (ll), and 5-neopentoxy-1,3-diininoisoindoline (12) respectively. The solvent was evaporated and compounds f0- 12 were next used without further purification. We have previously reported the condensation of 10 in 2-lt',N-dimethylaminoethanol (Method A) (19) to give the metal-free 2,9,16,23-tetraisopropoxyphthalocyanine ( f 3a ) ( l2), but had not described any metallated derivatives of l3a. In fact, several methods exist for the direct condensation of phthalonitriles to metallated phthalocyanines without the necessity of forming isoindolines. Thus, treatment of 7 with CuCN in DMF (Method B) (20) or with CuCl2 and diazabicyclononane (DBN) in ethanol (Method C) (21) lnitially, we had been interested in preparing not only binuclear phthalocyanines but also one containing a "handle" suitable for attachment to electrodes (13) , polymers (24) , or micelles (25) . In addition, we wished to prspare binuclear phthalocyanines, incorporating five-, four-, or three-atom covalent bridges, as these bridges seemed most likely to yietd phthalocyanine dimers having electrocatalytic and photocatalytic activity. Bisphthalonitriles can be readily prepared (16) (22) Table 2 for comparison purposes, as small but significant differences are apparent between metalfree and metallophthalocyanines and between mononuclear and binuclear phthalocyanines.
Although the synthesis of the first binuclear phthalocyanine 25 was achieved using Method B and 7 as the "partner" in the condensation, the yietd was very low. B is-(3,4-dicyunophenyl )e the r (6) and 4-isopropotyphthaloni trile (7 ) At roorn temperature In a minor modification of Siegl's procedure (15) (6) (15) and (7) was obrained. Compound 7 was separated from the insoluble 6 by extraction with ether.
The 4-isopropoxyphthalonitrile (7) was further purified by column chromatography, followed by rccrystallization as before to yield 6. I0 g of (7) in 33Vo yield.
Further purification of 6 by recrystallization from acetonitrile gave in44Voyield 6.0gof 6, mp256-257"C (lit. (15) mp254-256"C). 4 4 -N e ope n toxy ph t hal oni t ri I e (9 ) A solution of l.?3 g (10 mmol) of 1,2.30 g (26 mmol) of neopentyl alcohol, and 3.4 g (25 mmol) of potassium carbonate was stirred dt 60"C (Table 3) as described for the preparation of 7 above. Column chromatography of the reaction product on silica using ethyl acetatepetrofeum ether (l: 19) Compound l3a was previously prepared in our laboratory (ll, 12) from 10 using the procedure of Beach et al. (19) Using a modification of the procedure of Pawloski and Hanack (20) (Method B),394 mg (1.84 mmol) of 4-neopentoxyphthalonitrile (9) was suspended in 2 mL of dry DMF. 
